This article presents a novel elliptical curved coplanar waveguide fed antenna with defected ground. Electromagnetic coupling between splitring resonator (SRR) on other side to the substrate to CPW feeding line on the top side resulting the frequency notches in the wideband. The SRR shaped etched portion in the ground plane not only miniaturizing the antenna, but also providing good bandwidth in the operating bands. Antenna providing multiband characteristics forPCS, Bluetooth, LTE, ISM (Medical Application Band) and Wi-Fi communication (2-3.6 GHz), WLAN IEEE 802.11a/h/j/n (4.5-5.825 GHz), satellite system X-band downlink (7.5-9 GHz) and satellite communication applications at (12-16 GHz) & (17.5-18.5 GHz) respectively. This antenna offering quad band notching with penta band operation from 2-20 GHz. The size of the antenna is 40X44X1.6 mm with peak gain value of 7.18 dB with average efficiency parameter more than 68%. The manufactured antenna prototype is tested for validation and the obtained measurement matching with respect to the optimized simulation result.
Design of compact antennas with multiband characteristics and high gain is a challenging job to the antenna engineers. In this aspect, antennas with metamaterial loading providing advantages over traditional antennas with their high gain in compact size, high directivity and omni directional radiation pattern [1] [2] [3] . The metamaterials with negative permittivity and permeability can be used as phase compensator, which will help in design of subwavelength cavity resonators [4] [5] .
The parasitic structures of near field resonance can be obtained with meta-material loading in monopole antennas, but which may lead to narrow bandwidth. To improve the bandwidth, active devices can be used in the antenna structure and a negative permittivity transmission line in the radiating element also can be used [6] [7] [8] [9] [10] . Many printed antennas are designed and fabricated to obtain dual, triple, quad and penta band characteristics in the literature. Split ring resonators are used in the antenna structure to obtain meta-material properties. The SRR will help in the reduction of the antenna size and it also serves as filtering element [11] [12] [13] [14] . This paper presents a novel elliptical curved coplanar waveguide fed antenna with SRR shaped defected ground structure. In addition, splitring resonator is placed at opposite surface to the CPW feed. The placement of SRR on the opposite side of the printed antenna results in notch band characteristics. At notching frequency, the degradation of the radiation is because of the magnetic coupling of SRR with electromagnetic signal propagation on the feedline. This coupling is filtering the unwanted frequencies in the operating band from 2-20 GHz and reducing the interference within the wide band.
Antenna Modelling
The current antenna iterations are presented in Fig. 1 . And the geometry is given in Fig. 2 . The designed antenna consists of paired elliptical curved radiating elements with slots at the upper portion. A coplanar waveguide feed is used in the structure for simplicity and SRR shaped slots are placed in the ground plane for improving the impedance bandwidth. The split ring resonator slots are in two sizes as shown in the antenna geometry figure. The final dimensions of antenna is 44 X 40 X 1.6 mm on FR4 material with permittivity 4.4. The dimensions of the proposed antenna are presented in table 1.
The resonant frequency for square SRR is calculated from ... (1) Total equivalent capacitance is C eq .
Capacitance per unit length ... (2) Where Z o is the characteristic impedance, C o is 3X10 8 m/s and å eff is the effective permittivity of the material. This SRR structure reduces the interference in the wideband and provides multiband characteristics with notching certain unwanted frequencies. This leads to the surface current circulation in the rings and charges accumulates along the gaps to havehigh capacitance. 
Results And discussion
The designed meta-material inspired antenna is simulated with Ansys HFSS tool and the obtained results are presented in this section. Fig. 3 gives the reflection parameter of the antenna related The designedmodel three-dimensional radiation is presented in Fig 10 and Fig 11 at  5 .8 GHz and 12 GHz respectively. At 5.8 GHz, antenna projecting 5.97 dB gain and at 12 GHz, it is showing 7.18 dB. The radiation pattern in E and H planes is presented in Fig 12 & 13 . At 2.5 GHz, the elevation pattern is like monopole radiation and in the azimuthal it is omni directional. At 5.8 GHz, the E-plane radiation is directive and in H-plane it is omni directional with considerable gain. The simulated and measured radiation patterns from antenna measurement setup is matching perfectly for the applicability in the desired operations. The surface-current concentration is more at ground plane and edges of the patch at 2.54 GHz, whereas surface-current is a little bit high radiating structureat 5.8 GHz.
The prototyped antenna front and back view is presented in Fig. 15. Fig 16 gives the reflection coefficient. At lower operating band, a perfect matching of operating bands can be observed and at higher operating band, a small variation is observed due to dielectric loss and SMA connector poor soldering.
Frequency Vs Gain and radiation efficiency is presented in Fig 17 & 18 respectively. Peak realized gain of 7.18 dB at 12 GHz can be 
